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INTRODUCTION
Renal cell carcinoma (RCC) accounts for 3 % of all
cancers (1) in adults and is the third commonest uro-
logical malignancy. Incidence of RCC has been
shown to rise in USA (2) and Europe (3). In Finland
the incidence of RCC is now 9.5 per 100,000/year in
men, and in the next 10 years it is estimated to in-
crease by 20 % (4). The male to female ratio is 3 :2
and in 4 % of cases the tumours are bilateral (5). A
higher incidence is well noted in patients with von
Hippel-Lindau syndrome and other genetic altera-
tions (6). The overall 5-year survival rate is 60 %.
The increased incidence of RCC is primarily due
to enhanced detection of tumours by expanded use
of imaging techniques. During the last ten years the
rate of incidentally detected renal tumours has in-
creased to 60 % (7). Robson presented the operative
principles of radical nephrectomy in the 1960s, which
became the “gold standard” treatment for localised
RCC (8). Since Clayman and colleagues in 1990 per-
formed their first laparoscopic nephrectomy (9), the
method has reached increasing enthusiasm and
evolved to become the standard in the near future.
The stage migration into small, low-stage tumours
has changed the open surgical treatment strategy to-
wards the direction of nephron sparing surgery (10),
and the first laparoscopic nephron sparing wedge
resection was described by McDougall and col-
leagues in 1993 (11).
RADICAL NEPHRECTOMY
OPEN TECHNIQUE
The standard technique of open radical nephrectomy
(ORN) includes early control of hilar vessels, removal
of kidney with perirenal fat and Gerota’s fascia (12).
It has been suggested that the removal of ipsilateral
adrenal gland is not necessary if the tumour is
located in the lower pole of the kidney or is smaller
that 5 cm in diameter (13). Lymphadenectomy allows
for more accurate pathological staging, but its thera-
peutic value remains controversial (10). Open radi-
cal nephrectomy can be performed transperitoneally
or extraperitoneally.
LAPAROSCOPIC TECHNIQUE
Laparoscopic radical nephrectomy (LRN) follows the
same oncological principles as the open operation
with regard to early vessel control, total specimen
removal, adrenalectomy and lymphadenectomy (14).
The laparoscopic operation is more frequently done
through a transabdominal route than through an ex-
traperitoneal route. Access to the abdominal hole is
created with the help of a Verres needle or via a mini-
laparotomy. Renal artery is usually clipped and the
renal vein stapled and cut. Ultrasound knife is found
by many to be a useful instrument with minimal
bleeding. The specimen is taken out in an endobag
through a suprainguinal or midline muscle-splitting
incision. In the hand–assisted technique (15) the ab-
dominal incision for evacuating the specimen is uti-
lized during the whole operation making the proce-
dure more easy and quick.
INDICATIONS
According to the Scandinavian Urological Associa-
tion Collaboration Group for Renal Cancer survey in
1998 (16), 60 % of all Scandinavian urological depart-
ments performed less that 20 nephrectomies per year
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and overall 24 % performed less than five operations
per year. With these limited numbers, the surgical
strategy must be relatively easy and straightforward.
Accordingly, the open radical nephrectomy (ORN) is
still the standard approach for most general urolo-
gists when faced with a solid tumour in one kidney
and a functionally normal contralateral kidney. In
Finland, the retroperitoneal approach was used for
standard nephrectomy in 56 % of the departments,
in contrast to the transperitoneal approach used in
85 % of the departments in other Nordic countries (16).
The indications for laparoscopic radical nephrec-
tomy (LRN) are basically the same as for the open
one. However, tumours bigger than 10 cm can be too
difficult to handle with the present laparoscopic in-
struments (17). Obesity is not a contraindication for
laparoscopic procedures, and obese patients may
even benefit more than the slim ones from laparo-
scopic approach in respect to postoperative pain and
morbidity (18). In accordance with some other re-
ports (19), we have found the hand-assisted tech-
nique as a safe way to start laparoscopic surgery and
also as a good way to expand the indications to more
difficult tumours as well as more obese patients. In
experienced hands, laparoscopy has already replaced
the open radical surgery in local renal tumours (20).
Hand-assisted technique incorporating the advanta-
ges of standard and laparoscopic approach will ho-
pefully expand the indications and make the tech-
nique realistic in general urological level.
OPERATIVE OUTCOME
Operative outcome is here discussed in terms of op-
erative time, estimated blood loss, rate of conversion
and complications.
OPERATIVE TIME
Mean operative time of LRN varies from 149 to 414
minutes and is significantly longer than the duration
of the open procedure in reported comparative stud-
ies (Table 1). However, with hand-assisted technique
the operative times have been similar with those of
open procedure (21, 22) and shorter than those of the
standard laparoscopy (23).
BLOOD LOSS DURING OPERATION
Due to magnified vision and positive intra-abdomi-
nal pressure, bleeding is less during a laparoscopic
than an open operation. This is well documented in
two comparative studies (27, 22). The estimated
blood loss in LRN groups was 172–183 ml, and in
ORN groups 263–451 ml.
COMPLICATIONS
In older series concerning ORN, postoperative com-
plications occurred in about 20 % of patients and the
operative mortality was about 2 % (28). Haemorrhage
from renal vessels, duodenal rupture for the right-
sided operation and splenic and pancreatic lesions
for the left-sided operation are the most important
ones. Intercostal neuralgies, muscular relaxation and
wound dehiscence are not rare after a lumbotomy.
In some contemporary series, complications after
laparoscopic nephrectomy were reported in 9.6–14 %
(14, 17, 29). The typical complications include haem-
orrhage from renal veins or the spleen, bowel rup-
tures, port problems like bleeding, infection and her-
nias. Puncture with Verres needle when creating
pneumoperitoneum rarely results in vascular dam-
age. However, most of the complications in open as
well as in laparoscopic operations can be avoided
with increasing familiarity with the techniques (17).
Conversion rates due to the perioperative complica-
tions vary between 0 % and 10 %. Laparoscopy may
induce some cardiopulmonary effects; intra-abdom-
inal pressure compresses veins and decreases cardiac
and urine output. There is also a risk for pulmonary
embolism.
MORBIDITY
Patients recover better and quicker after LRN than
after open surgery. Postoperative morbidity is here
discussed in terms of hospital stay, postoperative
pain and need of analgesics and time to normal
activity.
HOSPITAL STAY
In all comparative studies the number of postopera-
tive days after LRN is significantly less than that after
ORN (Table 2).
TABLE 1
Operative time in comparative studies between open radical nephrect-
omy (ORN) vs laparoscopic radical nephrectomy (LRN).
REF. Number of patients ORN (min) LRN (min)
(24) 100 198 312
(25) 024 132 414
(26) 029 128 149
(21) 036 118 *221*
(22) 104 181 *195*
* = Hand-assisted
TABLE 2
Hospital stay in comparative studies between open radical nephrectomy
(ORN) vs laparoscopic radical nephrectomy (LRN).
REF. Number of patients ORN (days) LRN (days)
(27) 94 5.2 3.4
(25) 24 8.4 4.5
(26) 29 7.6 3.2
(21) 36 5.1 *3.9*
(22) 1040 8.9 *6.8*
* = Hand-assisted
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POSTOPERATIVE PAIN
The need for pain relief is estimated in morphine
equivalents (mg) and is reported in comparative
studies to be significantly diminished after LRN com-
pared to that after ORN (Table 3).
CONVALESCENCE
Time to normal activity after LRN is reported to be
2–15.8 weeks and is significantly shorter than after
ORN. In comparative studies, the mean time to nor-
mal activity is diminished by 31–59 % (Table 4).
ONCOLOGICAL LONG-TERM RESULTS
The risk of postoperative recurrent malignancy and
the chances of cure are strongly stage- and grade-
dependent (30). The incidence of recurrence or meta-
static disease after ORN is about 7 % for T1N0M0,
26 % for T2N0M0, and 39 % for T3N0M0 tumours
(10). Actuarial long-term results of patients with T1-2
tumours are not yet available from laparoscopic se-
ries but the Kaplan-Meier estimates for 5-year recur-
rence-free survival of 89–92 % have been reported
(Table 5). Occasional port site recurrences have been
noted (31), but this seems to be very rare and caused
by tumour spillage during operation. The oncologi-
cal results are actually equivalent after ORN and
LRN for T1-2 tumours.
COST COMPARISON
During the learning phase, laparoscopic operations
required more time leading to extra costs. Some re-
cent studies have shown that the better convalescense
of patients and comparable operating times have al-
ready translated into LRN to be a cost effective op-
eration compared to ORN (35–37).
NEPHRON-SPARING SURGERY
INDICATIONS
The indication for nephron-sparing surgery (NSS)
can be categorized as imperative, relative or elective
(Table 6). Interest in elective NSS for RCC has grown
during the last decades because of improved renal
imaging and a growing number of patients with
small peripheral tumours. Comparative studies have
shown that renal function is better preserved after
NSS than after radical nephrectomy (38, 39). In se-
lected cases of small (< 4 cm) peripheral lesions, ne-
phron-sparing surgery may be indicated (39, 40), but
patients with bigger tumours are generally consid-
ered as candidates for radical nephrectomy.
TECHNIQUE OF OPEN NEPHRON-SPARING SURGERY
The access to the kidney for partial nephrectomy is
most often an extraperitoneal flank incision (41). The
kidney is completely mobilized on the hilar vessels.
This must enable clamping of the vessels whenever
necessary during the operation. If one does expect a
warm ischaemia time of less than 30 minutes, in the
presence of a normal contralateral kidney, the resec-
tion can be done without cooling. If cooling is neces-
sary, slush ice is applied on the kidney surface re-
sulting in a decreased oxygen need during the
ischaemic phase of the operation (41). It is advised
TABLE 3
Need of narcotic equivalents in comparative studies between open
radical nephrectomy (ORN) vs laparoscopic radical nephrectomy
(LRN).
REF. Number of patients ORN (mg) LRN (mg)
(27) 94 78.3 28.0
(25) 24 40,0 24,0
TABLE 4
Time to normal activity in comparative studies between open radical
nephrectomy (ORN) vs laparoscopic radical nephrectomy (LRN).
REF. Number of patients ORN (weeks) LRN (weeks)
(24) 1000 8.1 3.3
(27) 94 8.1 3.6
(25) 24 5.1 3.5
(26) 29 4.3 2.0
(21) 36 23.50 15.8*
* = Hand-assisted
TABLE 5
5-year Kaplan-Meier estimates of disease-free survival in comparative
studies between open radical nephrectomy (ORN) vs laparoscopic
radical nephrectomy (LRN).
REF. Number of patients ORN (%) LRN (%)
(32) 263 87 91
(33) 149 0.95.1 0.89.7
(34) 133 91 92
TABLE 6
Indications for nephron-sparing surgery for renal cell carcinoma (10).
Imperative indications
Tumour in solitary kidney
Renal agenesis
Prior surgery or trauma
Bilateral renal tumours









Incidental renal tumour < 4 cm
Normal contralateral kidney
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to apply a standard cooling time of 20 minutes or
more before resection.
For the resection, the cold knife and conventional
surgical instruments can be used although ultra-
sound aspiration or waterjet dissectors, laserbeam,
microwave tissue coagulator and other tools have
been proposed. However, none of them has shown
any advantage over the conventional techniques.
In an elective situation, with normal contralateral
kidney, tumour resection should always be attemp-
ted within healthy parenchyma. Tumour enucleation
relying on the tumour pseudocapsule cannot be rec-
ommended even in patients with small tumours. For
peripheral tumours, a wedge resection is preferable
(5, 42). When there is any doubt about the margin
status, frozen sections are obviously mandatory (43,
44). When the incision in the renal cortex is properly
planned, one may be able to close the fishmouth de-
fect with interrupted sutures (45). When the paren-
chymal defect cannot be closed, a haemostatic
sponge, fat or omentum can be placed into the de-
fect to provide additional haemostasis.
TECHNIQUE OF LAPAROSCOPIC
NEPHRON-SPARING SURGERY
Modern approach depends much on the localization
of the tumour. For posterior tumours retroperitoneo-
scopic approach might be adequate but for anterior
tumours the transperitoneal route is preferred (14).
Ports are typically placed more lateral than in radi-
cal nephrectomy. Renal vessels must be controlled
before resection and they can be occluded with spe-
cial clamps. The tumour is resected with scissors and
haemostasis to the parenchyma is gained with su-
tures and bipolar forceps. Fishmouth type defect is
closed with suture over a haemostatic sponge (14).
Recently, a new gelatin-based matrix thrombin
sealant (FloSeal) was used in open and laparoscopic
kidney resection with excellent haemostatic results
(46, 47).
COMPLICATIONS AFTER NEPHRON-SPARING SURGERY
Partial kidney resection is more liable to complica-
tions than radical nephrectomy because of the inher-
ent risk of bleeding, especially in cases with obliga-
tory indications. Haemorrhage can lead to perirenal
haematoma, false aneurysm or arteriocalyceal fistula.
Selective embolization is usually required in case of
haemorrhagic complications. Urinary fistula usually
resolves spontaneously under the condition that ad-
equate drainage is guaranteed. In some cases a dou-
ble J catheter can be inserted or a temporary neph-
rostomy is helpful. Finally, renal arterial thrombosis
can occur because of a lesion of the intima of the re-
nal artery after clamping. However, postoperative
complications are reported to be very few in experi-
enced hands (5, 42).
RESULTS OF NEPHRON-SPARING SURGERY
The major debate regarding elective NSS concerns
the risk of local recurrence. Incomplete resection is
one of the causes of local recurrence while multifo-
cality can also be responsible for a kidney tumour
recurrence. Local recurrence is more common after
imperative NSS since incomplete resection occurs
more often when larger and less circumscribed tu-
mours are treated. Recently, several authors have re-
ported good oncological results of partial open neph-
rectomy for elective tumours of 4 cm or less in di-
ameter (5, 42, 44, 48).
Comparative studies between open vs laparosco-
pic NSS are rare. Gill et al. (49) reported on 100 lapa-
roscopic resections compared with 100 open opera-
tions performed in a single institution. Three patients
in the laparoscopy group and none in the open group
had positive surgical margins. Perioperative and
postoperative urological complications were more
frequent in the laparoscopy group. In addition, lapar-
oscopic NSS was associated with longer ischemia
time. Although morbidity is decreased with the
laparoscopic method, open partial nephrectomy re-
mains the established standard for nephron-sparing
treatment of renal tumours (20).
SUMMARY
Laparoscopic radical nephrectomy has become a
well-standardized and reproducible, but technically
demanding procedure. It is rapidly replacing the tra-
ditional open technique in radical nephrectomy with
T1-2 tumours. Open operation will mainly be re-
served for T3 tumours. Nephron-sparing surgery will
play a major role in small (< 4 cm) peripheral tu-
mours. Open technique is still the standard for NSS,
but with the refined techniques, laparoscopy may be
soon coming.
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